Prostate cancer is the most commonly diagnosed cancer in men in Europe and Northern America. Genome-wide association studies (GWAS) have detected an association with markers on chromosome 8q24. Allele -8 of microsatellite DG8S737 with 22 repeats and allele A of the single-nucleotide polymorphism (SNP) rs1447295 have been found to be significantly associated with prostate cancer. As GWAS are subjected to type 1 error, confirmation studies are required to validate the results. Here, we analysed the same markers in 277 cases and 282 controls from the Netherlands using a nested case-control study. Incident prostate cancer cases and controls selected were identified in the population of the Netherlands Cohort Study. We also investigated clinical features of the disease by stratifying by tumour stage. We did not replicate the association with the SNP rs1447295-A allele (P¼0.10), although the effect estimate was in the same direction as previous studies (odds ratio (OR), 1.38). Interestingly a statistically significant decreased risk was observed for DG8S737 allele -8 (OR, 0.62; P¼0.03). The apparent protective effect of the DG8S737 -8 allele observed in this study contrasts with the Amundadottir study. This suggests that DG8S737 and rs1447295 might be tightly linked markers flanking the actual causative variant and that there may be potentially more than one high-risk haplotype present in the Caucasian population. This short report highlights the importance of validation, although further confirmation is still needed.
INTRODUCTION
The research by the Surveillance, Epidemiology and End Results (SEER) Program of the National Cancer Institute estimated prostate cancer to be the most common cancer diagnosis in men in Europe and the United States of America. It was estimated that B192 280 new cases would arise in 2009, representing 25% of all new cases of cancer among men. 1 In 2006, a genome-wide linkage analysis of 877 Icelandic men with prostate cancer demonstrated a positive signal on chromosome 8q24 (logarithm of odds score: 2.11). The variant allele -8 (22 repeats) of the microsatellite DG8S737 had the strongest signal in a follow-up association study (odds ratio (OR), 1.79; P¼3.0Â10 -6 ). This was replicated in Icelandic men (OR, 1.72; P¼1.8Â10 À3 ) and among Swedish and European American men. In addition, allele A of the rs1447295 single-nucleotide polymorphism (SNP) present within the same haplotype block was also found to have a significant association with prostate cancer (OR, 1.72; P¼1.7Â10 À9 ). Analysis of 598 African-American men confirmed the results for DG8S737, but not for rs1447295, consistent with the greater genetic diversity of this population. 2 Another recent replication study confirmed the association of rs1447295-A allele with prostate cancer in European men aged 40-64 years from Washington, but not the association with allele -8 of DG8S737. 3 Both the rs1447295-A allele and DG8S737-10 allele were significantly associated with high grade tumours (OR, 1.4; 1.1-1.8 and OR, 1.9; 1.2-2.8, respectively). 3 Two recently reported genome-wide association studies (GWAS) confirmed the association of the rs1447295-A allele and prostate cancer risk, 4,5 but did not stratify by tumour stage. The variability in haplotype association results may be related to tumour stage heterogeneity or genetic heterogeneity within and between populations.
We have previously investigated the founder mutations among the Dutch and found mutations that were specific for this population, including those predisposing for hereditary breast-ovarian cancer and malignant melanoma. 6 We also identified short chromosomal regions that have remained identical by descent resulting in relatively limited genetic heterogeneity within this population 6 thus increasing the power in detecting the associations among the Dutch. GWAS often experience type 1 errors, and therefore confirmation of results are required. Here, we tested whether the association between rs1447295 and DG8S737 and prostate cancer can be confirmed among a population-based Dutch sample and whether this association is different for localised versus advanced tumours.
METHODS

Study population
Incident prostate cancer cases and controls were identified in the population of the Netherlands Cohort Study (NLCS); further details can be found elsewhere. 7 In brief, the NLCS includes 58 279 men who were between the ages 55 and 69 years at baseline. This paper reports from the data set after 8.3 years of follow-up. A case-cohort approach was used. Cases were identified after follow-up using computerised record linkage with all nine cancer registries in the Netherlands. Controls were selected from a random subcohort sample of 2411 men and biennially followed up for information on vital status.
Biological samples
The NLCS cohort was linked to the Dutch pathology database to collect paraffin blocks of tumour and normal tissue samples of prostate cancer cases. After exclusion of prevalent cases and those with insufficient non-tumourous tissue, 300 cases were available for analysis. We obtained buccal swab samples from 300 controls from the NLCS subcohort. The DG8S737 microsatellite marker (169 bp, 128.433 loc) was amplified using 5¢-TGATGCACCACAGAAA CCTG-3¢ as a forward primer and 5¢-CAAGGATGCAGCTCACAACA-3¢ as a reverse primer. PCRs were set up using a HYDRA workstation (Matrix Technologies Corporation, Hudson, NH, USA) and run on MJR Thermocyclers (MJ Research, Incorporated, Waltham, MA, USA). The PCR products of cases and subcohort controls were sized on the Applied Biosystems 3730 Sequencer in comparison with CEPH1347-02 reference specimen. Genotyping was performed using Genemapper software version 4.0 (Applied Biosystems, Foster City, CA, USA). The Taqman SNP Genotyping Assay (Applied Biosystems) was used for allele typing of the rs1447295 SNP marker with an ABI PRISM 7900HT (Applied Biosystems).
Statistical analysis
Deviation from Hardy-Weinberg equilibrium for the genotypes of each marker and linkage disequilibrium between marker alleles was tested by w 2 -tests. We calculated ORs and corresponding 95% confidence intervals (95% CIs) using logistic regression for allelic and genotypic analysis of the SNP and microsatellite. For allelic analyses, robust SEs have been calculated to model potential clustering of alleles within individuals. In microsatellite analyses, alleles -8 and -10 were compared with all other alleles. The microsatellite was further tested at different breakpoints to test association between groups of alleles. We also tested the marker using allele -14 (most common allele) as the reference group. Both crude and multivariable (age, alcohol intake from wine, body mass index, energy intake, family history of prostate cancer and level of education) adjusted analyses were performed. We evaluated differences in associations with the localised tumour stage (T0-2, M0) or advanced (T3-4, M0 and T0-4, M1). Stage was reported by the cancer registries and coded according to the International Union Against Cancer tumour-node-metastasis (UICC TNM). 8 All statistical analyses were performed using Stata 9.0 (StataCorp, 2005; Stata Statistical Software: Release 9, StataCorp LP, College station, TX, USA).
RESULTS
After excluding subjects with missing data, we were left with 277 cases and 282 controls. These did not significantly differ from their respective case and control source populations with regard to age (P cases ¼0.50, P controls ¼0.50) and family history of prostate cancer (P cases ¼0.95, P controls ¼0.38). The mean age at baseline of cases in the study population was 63 years, which was significantly higher than the mean age of the subcohort (60 years). A small proportion of the combined sample had positive family history of prostate cancer (4.13%). The frequency of alleles and genotypes for the microsatellite marker DG8S737 and the SNP rs1447295 did not deviate from Hardy-Weinberg equilibrium among the controls (P¼0.14). There was strong evidence for linkage disequilibrium between allele -10 of DG8S737 and the A allele of the SNP (w 2 ¼61.2, Po0.001). Table 1 shows the results of the microsatellite and SNP analyses. DG8S737 marker allele -8 (22 repeats) was unexpectedly associated with a statistically significant decreased risk for prostate cancer (OR, 0.62; 95% CI, 0.40-0.96; P¼0.03). The increased frequency of the -10 allele among cases was suggestive of the association with increased risk of prostate cancer; however, it did not achieve statistical significance (OR, 1.50; 95% CI, 0.88-2.55). The results of all alleles can be found in Supplementary Table 1 . The SNP analysis suggested an increase in the crude OR with the presence of allele A, (OR, 1.38; 95% CI, 0.94-2.20), although not statistically significant (P¼0.10). This was also true for carriers of one and two copies of allele A (OR, 1.40; P¼0.14 and OR, 1.54; P¼0.48, respectively). After multivariable adjustment, the results did not differ substantially, suggesting that an assumption of Mendelian randomisation can be made in this context. 9 No influence was observed for TNM stage (data not shown). 
DISCUSSION
A novel result of our study was a statistically significant decreased risk associated with allele -8 of the microsatellite marker (OR, 0.62; 95% CI, 0.40-0.96, P¼0.03). This is unlikely to be a result of population structure, given the matching of cases and controls, the absence of apparent outliers or mismatching of ancestry observed by Structure analysis of the Codis set of microsatellite markers and the relative genetic homogeneity of the Dutch population. 10, 11 The apparent protective effect of the DG8S737 -8 allele observed in this study contrasts with the study by Amundadottir study, 2 which detected an increased risk associated with this allele in Icelandic and Swedish men. Their observation of an association of the -8 allele in conjunction with the A allele of rs1447295 in all of the Caucasian populations studied, but not in the more genetically diverse African-American population, led them to conclude that the variant responsible for conferring the increased prostate cancer risk must be the DG8S737 -8 allele itself or be extremely close to it. The results of this study and those of the Suuriniemi study, 3 which detected no association with prostate cancer risk for this allele in Caucasian men from Washington, but instead found an association with the -10 allele after stratifying by stage of disease (OR, 1.93; 95% CI, 1.27-2.93), suggest that this allele itself is not directly responsible for conferring increased prostate cancer risk.
It is more likely that DG8S737 and rs1447295 are tightly linked markers flanking the actual causative variant and that there may be potentially more than one high-risk haplotype present in the Caucasian population. This hypothesis might also explain the observations of the Mayo Clinic study that demonstrated that the 8/A haplotype showed the strongest association with familial prostate cancer, whereas the 10/A haplotype was most strongly associated with aggressive prostate cancer. 12 Comparison of detailed haplotypes in this locus among populations may serve as useful means of further narrowing this interval and assisting with identification of the causative variant.
